In the Mediterranean region, goat milk production is an important economic activity. In the present study, 4 casein genes were genotyped in 5 Sicilian goat breeds to 1) identify casein haplotypes present in the Argentata dell'Etna, Girgentana, Messinese, Derivata di Siria, and Maltese goat breeds; and 2) describe the structure of the Sicilian goat breeds based on casein haplotypes and allele frequencies. In a sample of 540 dairy goats, 67 different haplotypes with frequency ≥0.01 and 27 with frequency ≥0.03 were observed. The most common CSN1S1-CSN2-CSN1S2-CSN3 haplotype for Derivata di Siria and Maltese was FCFB (0.17 and 0.22, respectively), whereas for Argentata dell'Etna, Girgentana and Messinese was ACAB (0.06, 0.23, and 0.10, respectively). According to the haplotype reconstruction, Argentata dell'Etna, Girgentana, and Messinese breeds presented the most favorable haplotype for cheese production, because the casein concentration in milk of these breeds might be greater than that in Derivata di Siria and Maltese breeds. Based on a cluster analysis, the breeds formed 2 main groups: Derivata di Siria, and Maltese in one group, and Argentata dell'Etna and Messinese in the other; the Girgentana breed was between these groups but closer to the latter.
In many areas of Europe such as the south of Italy, production of goat milk is an important economic resource. Argentata dell'Etna, Girgentana, Messinese, Derivata di Siria, and Maltese are the main goat breeds reared in Sicily. These 5 breeds represent autochthonous (Argentata dell'Etna, Girgentana, and Messinese) and cosmopolitan (Derivata di Siria and Maltese) valuable genetic resources for milk production as well as for local milk-derived products in Sicily. The genetic reservoir depends not only on the number of breeds but also on the genetic diversity among breeds (Crepaldi et al., 2001) . Genetic studies in these breeds would help to add value and protect local genetic resources.
Polymorphisms of the 4 casein genes (α S1 : CSN1S1; β: CSN2; α S2 : CSN1S2; and κ: CSN3) have been the focus of considerable research effort because of their potential effects on milk composition. Polymorphism in CSN1S1 is associated with different concentrations of α S1 -CN in milk. Alleles CSN1S1*A and CSN1S1*B are associated with high α S1 -CN concentration in milk; CSN1S1*E with an intermediate concentration; CSN1S1*F with a low concentration; and finally CSN1S1*0 1 and CSN1S1*N with the absence of α S1 -CN in milk (Grosclaude and Martin, 1997) . Polymorphism of CSN2 was found to be associated with a normal β-CN concentration in milk (alleles A, B, and C) or associated with no β-CN in milk (alleles 0 and 0'; Mahé and Grosclaude, 1993; Chessa et al., 2005) . Allele CSN2*B was detected by isoelectrofocusing (IEF) and has not yet been characterized at the DNA level (Mahé and Grosclaude, 1993) . Regarding CSN1S2, 7 different alleles have been reported in goat: A, B, C, D, E, F, and 0 (Ramunno et al., 2001a) . These 7 alleles are associated with at least 3 levels of α S2 -CN protein in milk: null (0 allele), intermediate (D allele) , and normal (A, B, C, E, and F alleles; Ramunno et al., 2001a) . For CSN3, which encodes a calcium-independent protein that plays a crucial role in casein micelles formation and stabilization, 16 alleles have been identified, corresponding to 13 protein variants (3 allele variations correspond to synonymous mutations; Prinzenberg et al., 2005) .
Because the 4 casein genes are tightly linked on chromosome 6 (Ferretti et al., 1990; Threadgill and Womack, 1990) , the downregulation of one casein gene might produce an upregulation of other casein genes (Hayes et al., 2006) . Therefore, the study of casein haplotypes could provide more information than the study of individual casein genes. In this regard, Hayes et al. (2006) have shown that goat casein haplotypes have a large effect on milk production traits. In the present study, the 4 casein genes in 5 Sicilian goat breeds were genotyped to identify casein haplotypes present in Argentata dell'Etna, Girgentana, Messinese, Derivata di Siria, and Maltese goat breeds, and to describe the structure of the Sicilian goat breeds based on casein haplotypes and allele frequencies.
Milk and blood samples were obtained from 540 goats belonging to 5 breeds (number of goats): Argentata dell'Etna (42), Girgentana (263), Messinese (49), Derivata di Siria (47), and Maltese (139). When possible, milk samples were collected and frozen until phenotyping by IEF. Blood samples were collected in EDTA Vacutainers (Becton Dickinson, Devon, UK) and preserved frozen until DNA extraction. The DNA was extracted from whole blood samples by glass silica membrane using GFX Genomic Blood DNA Purification Kit (Amersham Biosciences, Uppsala, Sweden), and the DNA samples were genotyped for CSN1S1, CSN2, CSN1S2, and CSN3. Table 1 shows detail of the methods. Amplifications were performed with GeneAmp PCR system 9700 (Applied Biosystems, Foster City, CA). The reaction mix consisted of 0.05 U/µL of Taq DNA polymerase, 4 mM MgCl 2 , 0.4 mM each dNTP (2× PCR Master Mix, Fermentas, Vilnius, Lithuania), forward and reverse primer, 10 pmol each, in a final volume of 20 µL.
The program GENEPOP version 3.4 (Raymond and Rousset, 1995) was used to obtain the allele frequencies and to test, by Fisher's method, deviations from Hardy-Weinberg equilibrium. The casein haplotypes were reconstructed within breeds using the PHASE program version 2.1 (Stephens et al., 2001; Stephens and Scheet, 2005) considering only alleles that had a frequency ≥5% in each breed. The software FSTAT (Goudet, 1995) was used to infer the gene diversity (Nei, 1973) and F-statistics (Wright, 1978; Weir and Cockerham, 1984) using casein genotypes. A cluster analysis was done with the CLUSTER procedure of SAS (SAS Institute, 2004) , based on reconstructed haplotypes frequencies, using only haplotypes with a 3% or greater frequency within each breed.
Research on casein genetic polymorphisms has been motivated by its direct effect on milk characteristics. Table 2 shows CSN1S1, CSN2, CSN1S2, and CSN3 allelic frequencies. The greatest variation at the CSN1S1 locus was found in the Maltese breed. In this breed, frequencies observed are in agreement with those reported by Sacchi et al. (2005) , except that these authors have not reported allele N in this breed, and have reported a greater frequency for allele E. We identified CSN1S1*N at a very low frequency in Maltese as well as in Girgentana (0.011 and 0.040, respectively). Allele CSN1S1*E was observed only in Maltese (0.004). Allele CSN2*C was the most prevalent in all Sicilian goat breeds, followed by CSN2*A. Chessa et al. (2005) , in a study on CSN2 locus in Italian goat breeds, also found allele C as the most predominant allele. Alleles CSN1S2*A and CSN1S2*F were found at greater frequencies than the other alleles in all breeds. In Maltese goats, CSN1S2*A, CSN1S2*F, and CSN1S2*C were the most frequent alleles, in agreement with Sacchi et al. (2005) . However, those authors reported the presence of CSN1S2*B in the Maltese breed, whereas this allele was observed only in Girgentana and Messinese in the current study. Contrary to Marletta et al. (2004) , CSN1S2*D was observed in Argentata dell'Etna (0.012) and Girgentana (0.006) breeds. Allele CSN1S2*E was observed in all breeds except Girgentana. The CSN3 locus is the most polymorphic gene among all goat caseins with only few alleles displaying a high frequency (Prinzenberg et al., 2005) . Girgentana and Maltese presented the greatest number of CSN3 alleles, whereas Messinese showed the lowest (only alleles A, B, and D were observed). Allele CSN3*B was the most common allele identified in the 5 breeds. Until Prinzenberg et al. (2005) proposed a new international nomenclature, CSN3 alleles had received different names. In this paper, we followed the new international nomenclature. Therefore, the high frequency reported for CSN3*D (old nomenclature) in Maltese goats by Sacchi et al. (2005) is in agreement with results from the current study, in which CSN3*B was the most frequent allele. Allele CSN3*D, initially named by Jann et al. (2004) , was indeed renamed as CSN3*B by Prinzenberg et al. (2005) . Girgentana and Maltese were the most polymorphic breeds at this locus. Alleles CSN3*A and CSN3*B were previously reported as the most frequent in European, African, and Asian goat breeds (Prinzenberg et al., 2005) . Our results in Sicilian goat breeds showed mainly CSN3*B at this locus. All casein loci were in Hardy-Weinberg equilibrium except for CSN2 and CSN3 in Maltese, and CSN3 in Girgentana (P < 0.05). Within-breed gene diversities (Nei, 1973) were 0.638, 0.451, 0.608, and 0.495, and the interbreed gene diversities were 0.026, 0.017, 0.068, and 0.006 for CSN1S1, CSN2, CSN1S2, and CSN3, respectively. The latter, an absolute measure of gene differentiation, indicated a low degree of separation among these breeds. The overall coefficient of gene differentiation (GST; Nei, 1973) was 0.041, and the overall θ (Weir and Cockerham, 1984) was 0.081. These 2 values, estimators of Wright's F ST , showed a low degree of differentiation in allele frequencies among these breeds as well. This result is in agreement with that of Iamartino et al. (2005) in southern Italian goat breeds, even though their work was based on microsatellite analysis.
Casein haplotypes have been used previously to study genetic variability among northern (Vallesana and Roccaverano) and southern Italian (Maltese, Garganic, and Jonica) goat breeds (Sacchi et al., 2005) . Casein haplotype variability was studied among the 5 Sicilian goat breeds. The total number of haplotypes found for each breed was about 70, except for Argentata dell'Etna, in which 116 were found. In all breeds, 67 haplotypes were found with a haplotype frequency ≥0.01 and 27 with a haplotype frequency ≥0.03. The number of haplotypes found with a frequency ≥0.03 varied across breeds (Table 3 ). The haplotype diversities were high for all breeds, ranging from 0.864 in Maltese to 0.958 in Argentata dell'Etna. These results showed a greater diversity than those for casein gene alleles because there was a greater number of haplotypes than number of gene alleles. However, the allelic richness, estimated with the software FSTAT, was slightly greater for haplotypes (range 4.9 to 6.0) than for gene alleles (range 3.0 to 6.0). A distance matrix based on similarity measures was estimated with a cluster analysis; first, second, and third principal components, of this matrix, explained 58, 24, and 11% of the total variability, respectively, and formed 2 main groups: Derivata di Siria and Maltese vs. Argentata dell'Etna and Messinese; Girgentana was in between these groups (Figure 1 ). This result is in agreement with the origin of these breeds. Derivata di Siria and Maltese are cosmopolitan breeds, whereas Argentata dell'Etna, Messinese, and Girgentana are autochthonous breeds. Moreover, Argentata dell'Etna and Messinese were found to be, from a genetic viewpoint, very close to each other by Criscione et al. (2007) . Among the haplotypes with a frequency ≥0.03, CSN1S1-CSN2-CSN1S2-CSN3 haplotypes A0'AB, BAAC, BCAC, and FCAA were only present in Girgentana; haplotypes A0'FB and FCFD in Maltese; haplotype ACFD in Derivata di Siria; haplotypes BACB and BCFB in Argentata dell'Etna; and haplotypes BCAA and FAFB in Messinese.
The most common haplotype for Derivata di Siria and Maltese was FCFB (0.17 and 0.22, respectively), and for Argentata dell'Etna, Girgentana, and Messinese was ACAB (0.06, 0.23, and 0.10, respectively). This might indicate a very favorable combination for milk production, as CSN1S1*A is associated with a high level of α S1 -CN in milk (Grosclaude and Martin, 1997) ; CSN2*C and CSN1S2*A are indicative of normal β-CN (Neveu et al., 2002) and α S2 -CN (Boulanger et al., 1984) Journal of Dairy Science Vol. 91 No. 9, 2008
GIGlI eT Al. concentrations, respectively. In the Maltese breed, Sacchi et al. (2005) reported a casein haplotype similar to FCFB. These authors referred to haplotype FFD (CSN1S1, CSN1S2, and CSN3), which corresponds to FFB in the new nomenclature. Results from the current study, which were in agreement with those reported by Sacchi et al. (2005) , also added the CSN2 locus in the Maltese casein haplotype construction.
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In the Orobica breed, Caroli et al. (2006) found CSN3*D only associated with CSN1S1*F and they concluded that this association might play a role in balancing protein expression. Subsequently, the association of the B IEF -CN group (CSN3*D/K/M) with a high percentage of CN and total proteins in goat milk was demonstrated in the same breed independently from the CSN1S1 genotype (Chiatti et al., 2007) . At variance with Caroli et al. (2006) , we not only found allele CSN3*D to be associated with CSN1S1*F in the Maltese, but also with allele CSN1S1*A in Girgentana, Messinese, and Derivata di Siria. The association with CSN3*D and CSN1S1 alleles coding for a high content of the specific CN (CSN1S1*A and CSN1S1*B) was previously described in Garganica, Jonica, Maltese, and Roccaverano goats (Sacchi et al., 2005) .
Haplotype information might be useful in a selection program because animals that carry casein haplotype ACAB could be superior for cheese production, whereas animals that carry FCAB could be superior for low casein milk production, and therefore for production of hypoallergenic goat milk. According to haplotype reconstruction, the Girgentana, Argentata dell'Etna, and Messinese breeds showed the most favorable haplotypes for cheese production, because casein protein concentration is expected to be greater in milk of these breeds compared with that from the Derivata di Siria and Maltese breeds. 
